SUMMARY Seven patients with homozygous familial hypercholesterolaemia, two female and five male, aged 12 to 25 years, underwent clinical and angiographic assessment to define the associated cardiovascular abnormalities. Four patients had angina, two of whom also had syncope on exertion. All had an ejection systolic murmur but no ejection click and a loud aortic second sound. All but one had a systolic gradient between the left ventricle and aorta, ranging from 20 to 80 mmHg at the time of presentation. Angiography showed a characteristic narrowing of the aortic root in all and fiv of the seven patients had coronary ostial stenosis. One patient died after an aortocoronary bypass and aortic valvotomy and two others underwent aortocoronary bypass and aortic valve replacement, one of whom also died after operation. The survivor and three other patients are now undergoing regular plasma exchange and remain well. The seventh patient died suddenly before the latter form of treatment could be started. These findings confirm that premature, severe atheroma of the aortic valve and root is a characteristic feature of homozygous familial hypercholesterolaemia and carries a high mortality.
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Early death from the cardiac consequences of premature atheroma is the usual outcome of homozygous familial hypercholesterolaemia.' 2 Inherited as an autosomal dominant, this rare disease is characterised by very high plasma levels of cholesterol3 and the development of cutaneous and tendon xanthomata in childhood. 4 We have studied seven patients with this disorder, in whom we have been able to document both clinically and angiographically a characteristic distribution of atheroma in the aortic root and coronary arteries. The severity of symptoms in two patients warranted aortocoronary bypass and aortic valve replacement and a third underwent aortocoronary bypass with aortic valvotomy. In January 1978, angiography confirmed that the aortic root was narrowed and irregular ( Fig. 1 ) though cardiac catheterisation disclosed no gradient across the valve or supravalvular area. Coronary angiography showed a stricture in the proximal third of the left anterior descending artery (Fig. 3 ) but there were no ostial stenoses.
He is now undergoing regular plasma exchange. He has remained well and has not developed any cardiovascular symptoms. In 1975, she developed angina on exertion. Examination of the cardiovascular system disclosed no new signs. Resting and exercise electrocardiograms were normal. Cardiac catheterisation showed a gradient across the aortic valve of 34mmHg. Angiography showed narrowing and irregularity of the aortic root. The left coronary ostium also was narrowed.
In 1976, a portacaval shunt was carried out, as previously described,6 but unfortunately this procedure resulted in only a temporary fall in serum cholesterol (see Fig. 4 ). In December 1978, she developed severe central chest pain and syncopal attacks on exertion. Examination showed a change in the character of her pulse, which was now very slow in rising. Blood pressure was 110/70 mmHg. There was an obvious left ventricular heave, a grade 3/4 aortic systolic murmur, and the aortic component of the second sound was loud. Examination showed bilateral corneal arcus and multiple cutaneous and tendon xanthomata. He had bruits over the carotid and femoral arteries; blood pressure 125/70 mmHg. There was a grade 3/4 ejection systolic murmur and the aortic component of the second sound was loud. Serum cholesterol was 207 mmol/I (795 mg/dl) and triglyceride 0 9 mmol/l (78 mg/dl). Chest x-ray was normal and electrocardiogram showed sinus rhythm and evidence of a previous anteroseptal infarct, with Q waves from Vl to V4. An exercise electrocardiogram was negative.
Cardiac catheterisation showed a gradient across the aortic valve of 40 mmHg. Angiography showed some apical dyskinesia and the aortic root was narrowed and deformed with gross irregularity (Fig. 1) . Coronary angiography demonstrated two small strictures in the left main stem and one in the right coronary ostium.
The patient was started on plasma exchange in 1977 and he has remained well.7 CASE 6 D L is a 16-year-old English boy who presented with xanthomata around the elbows and heels at the age of 9 years. His family history is shown below (Fig. 6) (Fig. 7) . His serum cholesterol was 20-6 mmol/l (780 mg/dl) and triglyceride 1 In April 1979, he was referred bv Professor V Wynn for consideration for plasma exchange. He complained of increasing angina on exertion, and had continued to suffer syncopal attacks. Examination disclosed bilateral arcus, xanthelasma, and some xanthomata. His pulse was 72 and slow rising, blood pressure 100/60 mmHg. He had bilateral carotid thrills and bruits. The apex beat showed a distinct left ventricular heave. There was a systolic thrill over the praecordium and a grade 3/4 ejection systolic murmur. The aortic component of the second sound was very loud. Electrocardiogram showed demand pacing but the unpaced beats showed distinct left ventricular hypertrophy.
Cardiac catheterisation showed a gradient across the aortic valve of 80 mmHg. Angiography indicated hypertrophy of the left ventricle. The aortic root showed widespread atheromatous deposits causing considerable narrowing and funnelling ( Fig. 1 and 8 
Discussion
Homozygous familial hypercholesterolaemia is a rare disorder,9 the estimated incidence in Western countries being less than 1:1 000 000. There have been a number of case series previously published'°11 but in none of these have the characteristic cardiovascular complications of the disease been fully documented. Though aortic stenosis has been recognised clinically and at necropsy,12-14 it is only in recent years that angiographic study of patients has been performed and described, and then only in isolated instances. The abnormalities which have been reported in individual cases include strictures of the coronary arteries,' aortic stenosis, and narrowing of the aortic root.15- '7 We have been able to study seven patients with homozygous familial hypercholesterolaemia. All were submitted at least once to cardiac catheterisation and angiography in order to define precisely the cardiac abnormalities. Three of the seven patients had no symptoms of cardiovascular involvement. The remaining four all suffered from typical angina. Two of them also had syncopal attacks on exertion.
All the patients had a loud ejection systolic murmur in the aortic area, a well recognised clinical finding.12-16 In addition, each had a characteristic loud closure sound of the aortic valve. None had an ejection click.
Electrocardiography showed an old anterior infarct in one patient (R W, case 5); a further four patients had or developed evidence of left ventricular hypertrophy. Three patients (M M, case 3; D L, case 6, and N E, case 7) were examined by echocardiography. In each of the three, the aortic root was shown to be narrowed and apparently thickened and the aortic valve movement was distorted.
Aortography provides the best means of recognising the typical cardiovascular features of this disease. In all patients the proximal aortic root was narrowed and its outline was irregular and funnelled towards the aortic valve ( Fig. 1 and 8) . This represents the accumulation of atheroma which is most noticeable in the sinuses of Valsalva and extends proximally to involve the coronary ostia and aortic valve cusps. Strictures were commonly seen in the proximal portions of the coronary arteries (Fig. 3) but the distal vessels were remarkably free of disease. Catheterisation across the aortic valve recorded systolic pressure gradients ranging from nil in M M (case 3) to 130 mmHg in A R (case 4).
Pressure gradients between the left ventricle and aorta have been described in previous case reports, 13 16 but Wennevold and Jacobsen16 considered that the gradient in their patient was the result of the supravalvular narrowing. In all our patients the gradient was at valve level and no gradient could be shown above that site. The appearance of the supravalvular part of the aorta in our patients was similar to that described by Wennevold and Jacobsen16 and it seems unlikely that such a long but relatively slight degree of narrowing could be responsible for gradients of 95 mm which they observed. The aortic valve presumably cannot open fully because of atheromatous masses occupying the sinuses of Valsalva and it may be these rather than atheromatous deposits on the cusps themselves which determine the obstruction.
The three patients without angina were found at cardiac catheterisation to have the lowest gradients across the aortic valve (Table) , whereas the two patients with both angina and syncope had the highest gradients. It is noteworthy that case 4 was studied twice during the period 1975 to 1978 during which her serum cholesterol was poorly controlled (Fig. 4) . Over these three years, the gradient across the aortic valve increased from 34 mmHg to 130 mmHg, her angina became more severe, and she developed the ominous symptom of syncope.
The loud closure sound of the aortic valve in homozygous familial hypercholesterolaemia presumably results from atheromatous involvement of the aortic cusps. The ejection systolic murmur probably represents turbulent flow through the narrowed aortic valve orifice as well as across the irregular and narrowed aortic root ( Fig. 1 and 8 ). An ejection click is not heard but the loud aortic closure sound is characteristic. It is important to recognise aortic stenosis but its severity is difficult to assess clinically. The character of the carotid pulses may be altered as a result of atheromatous deposits within them and the form of the peripheral pulses may be modified by inelasticity of the large conducting arteries for the same reason. The aortic murmur may be lengthened by turbulence within the aortic root and murmurs over the carotids may arise locally so that the murmur may be no guide to the severity of obstruction to left ventricular outflow. Left ventricular hypertrophy may be recognised by palpation and electrocardiography but 
